The mechanism of acantholysis in pemphigus vulgaris (PV) is an intriguing argument since several chemical mediators are implicated. We previously reported a central role for IL-la and TNF-a, both able to regulate complement activation and plasminogen activators. Very little is known about what triggers the disease (drugs, viruses or food). In this study, we evaluate the molecular role of tannins in acantholysis. By HPLC chromatography we measured tannic acid (TA) and gallic acid (GA) in blister fluid of 4 groups of patients divided according to their dietary habits, including a regular diet, a diet rich in tannins, a diet free of tannins, and a group of pemphigus patients. Blister fluid was obtained from patients using a suction blister apparatus. We show that people with a diet rich in tannins have increased tannin metabolites (TA and GA) in the skin in respect to controls (tannin-rich diet: GA = 194.52±2.39 nmol/ml; TA = 348.28±1.4 nmol/ml versus tannin-Mediterranean diet: GA = 15.28±1.63 nmol/ml; TA = 22.81±1.68 nmol/ml). PV patients showed similar values to the Mediterranean diet population (PV patients: GA = 95.8±1.97 nmol/ml; TA = 199.09±4.15 nmol/ml versus Mediterranean diet: GA = 83.53±2.35 nmol/ml; TA = 195.1±2.50 nmol/ml). In an in vitro acantholysis system using TA and PV-IgG we show that TA 0.1 mM in NHEK culture is able to induce acantholysis. This effect was able to amplify the acantholytic action of PV-IgG in vitro. A blocking study using anti IL-la and anti TNF-a antibodies showed a reduction in TA-induced acantholysis. Taken together, these results suggest that a diet rich in tannins could be a trigger in genetically predisposed patients. If these data are confirmed, a complementary diet poor in tannins may be useful in patients affected by PV.
hallmark (I). The molecular and biological mechanism of acantholysis is still unknown. Several hypotheses have been postulated. The majority of authors believe that the link between specific PV-IgG and desmoglein is the main and essential factor to induce splitting (2) .
Even if the PV IgG-Dsg3 reaction is the hallmark of PV, many mechanisms are involved in the pathogenesis of the bullae. To elucidate the role of different pathological mechanisms, apparently contrasting theories have been put forward (3) . Complement activation (4) (5) , plasminogen-plasmin system (6) (7) and local cellular immune responses (8) (9) are all involved in the mechanism of acantholysis, but none of them playa pivotal role. Knock-out mice lacking the C5 complement still develop blisters in passive transfer experiments (10) . A similar response is seen in mice lacking the plasminogen gene (II). All these studies show that none of these mechanisms are fundamental.
Some authors believe that a multiple pathogenetic mechanism could be involved in acantholysis. Several papers have been published demonstrating that cholinergic receptors are also important in acantholysis (12) (13) (14) (15) (16) . These authors also stated that PV-IgG-induced acantholysis is only an epiphenomenon since Dsg-/-mice and desmoglein-3 mutant mice develop a perturbation in epidermal cell-cell adhesion, triggering a cascade of changes in the skin including acantholysis (17) (18) .
Several agents acting as initiators ofPV have been suggested (viruses, drugs, food, or a combination of the last two) (19) (20) (21) (22) (23) . The onset ofPV can be induced by the administration of several drugs, in particular thiol drugs (such as penicillamine, captopril, thiopronine), but also antibiotics (e.g. penicillin and derivatives, cephalosporins), NSAIDs (e.g. pyrazolone derivatives, piroxicam) and non-thiol ACE-inhibitors (e.g. enalapril) (24) (25) (26) (27) (28) (29) . Interestingly, most drugs implicated in inducing pemphigus, when added to normal human skin specimens cultured in vitro, were able to cause acantholytic splitting very similar to that produced by pemphigus antibodies both in vivo and in vitro in the absence of pemphigus antibodies or any other immunological factors (24) (25) (30) (31) (32) . In these experiments, the drugs tested started a biochemical chain of events that culminated in loss of desmosomal function with no apparent intervention of immune mediators (biochemical acantholysis) (33-38).
Most of the patients afflicted by pemphigus have circulating antibodies without any clinical evidence of the disease, and about half of their first-degree relatives also have circulating antibodies (39) . In recent years, a possible role of dietary factors in the development, maintenance, and/or exacerbation of pemphigus has been considered (40) (41) . Among the enormous variety of chemical compounds that are present in our diet, thiols, isothiocyanates, phenols, and tannins are suspected of being related to the course ofpemphigus (41) . In particular, experimental investigations with common diet components, such as allyl compounds and tannin, showed that these substances, when added to normal human skin cultured in vitro, can provoke acantholysis (38, 42) .
Tannins are part of a diet containing polyphenols. A polyphenol diet has been recently largely evaluated for its antitumoral and antithrombotic properties (43) (44) . Tannic acid and its metabolite gallic acid (GA) are valuable indexes for tannin metabolism (45) (46) . Tannic acid is a hydrolyzed tannin containing GA esters of glucose (47) (48) (49) . Bearing in mind that tannins are immunologically active polyphenolic molecules (38, (40) (41) , we considered it of interest to investigate the possible intervention of immune mediators in the in vitro tannin acantholysis. We have recently shown that IL-Ia and TNF-a are the main mediators of acantholysis in pemphigus (50) . We have also demonstrated, using in vivo and in vitro models, that IL-Ia and TNF-a playa central role in the development of bulla and that they are able to amplify the mechanism of acantholysis by overexpression of complement (4) and urokinase plasminogen activator (51) . In this study, we show that TA is present in the blister fluid of patients afflicted by pemphigus and that TA is able to induce acantholysis in vitro via IL-I a and TNF-a expression in keratinocytes.
MATERIALS AND METHODS

Tannic acid and gallic acid in suction blister fluid in 4 different population groups
In order to evaluate the presence of TA and GA in the skin of a population with a diet poor or rich in tannins, we selected ten volunteers for each group, as follow: group A. diet rich in tannins of at least 500 ml of red wine; group B, Mediterranean diet; group C, diet tannin-free (not drinking red wine and not eating tropical fruits or other tannin rich foods); group D, PV patients. A Kruskall-Wallis analysis was employed and standard deviation and p value were calculated. Group selection was constituted after the volunteers answered a questionnaire on their dietary habits during the previous ten days. In the questionnaire all foods and beverages containing tannins were included and the volunteer answered yes or no as to whether they had had some of those foods and/or beverages during the previous week, and in what quantity. No patient was taking drugs or had undergone therapy during the previous month. According to previously published data (45, 52) , a total intake of less then Ig/day of tannin was considered as a regular Mediterranean diet. The PV group of selected patients underwent a tannin-free diet for I month before experiments. The patients had a mucocutaneous form of PV, all with disease reactivation and at least one new blister every 24 hours. All PV patients had positive IgG direct and indirect immunofluorescence around keratinocytes, involved in mucocutaneous lesions Groups A, B, C, were selected from dermatologic patients without autoimmune disorders, comparing age and sex to group D (PV patients). The data were: 6 female and 4 male for all groups; group A: age 43 ± 6; group B: age 41 ± 9; group C: age 44 ± 8; group D age 43 ± 12 . The mean duration of the disease in the PV group was 4 years.
Informed consent was obtained from all volunteers to obtain this information and to perform a suction blister on their skin. The suction blister apparatus, with a terminal hole of 3 mm, was placed in the forearm of each. The apparatus was placed firmly on the skin, maintained in site by a bandage and regulated at 300-350 mmHg. Fortyfive to 60 minutes were necessary in all cases before the blister was evident; 0.8-1.0 of liquid from each blister was aspirated using a syringe. One week later no skin signs were visible after the suction split procedures. Blister fluid (0.5 ml) was immediately used for TA and GA determination using the HPLC chromatographic apparatus (Shimadzu, Japan) with a relatively new method (46) . According to previously published data (45, 52) a total intake of less then Ig/day of tannin was considered as a regular Mediterranean diet. Briefly 0.5 mL of blister fluid were added to 2 mL of 0.1 M acetate buffer (PP 5.0), 0.1 mL of a 5% ascorbic acid solution, 0.1 mL of a 5% Na EDTAsolution and 0.2 mLofa 0.6 M CaCI2 solution. Free TA metabolites were determined directly on HPLC after extraction using 5 mL of ethyl acetate three times. The solution was dried and then dissolved in 2 mL methanol for determination in the HPLe. Protocatechuic acid (39.33 nmol) was used as internal standard. The HPLC apparatus had the following conditions: column STR ODS-II. Column temperature was 35°C; mobile phases A) HP/ Phosphoric acid 1000:I (v/v), B) acetonitrile/phosphoric acid 1000:1 (v/v), gradient program: time zero (0%), time 20 minutes (15%), time 25 minutes (30%), 45 to 60 minutes (100%), 61-77 minutes (0%); detector: DAD; wavelength monitored at 210 nm, since phosphoric acid has an absorbance at 210 nm, the HPLC chromatograms were corrected by subtracting the baseline.
NHEK incubated with tannic acid
To investigate the role of tannin molecules in the mechanisms involved in acantholysis we performed in vitro studies using human keratinocyte cultures incubated with TA at different concentrations ranging from 0.02 mM to 2 mM. Briefly, serum was obtained from one patient who had undergone plasmapheresis treatment. The patient presented with the clinical, histological and immunological features of pemphigus during the acute phase of the disease. She had not been treated with systemic or local immunosuppressive drugs for one month. Total IgG concentration was measured by nephelometry, using monospecific goat antihuman IgG (Beckman Instruments, Missasauga, Ont., Canada). Pemphigus-antibody titer (1: 1280) was measured by indirect immunofluorescence using monkey esophagus epithelium as the tissue substrate (53) . Control serum was obtained by the isolation and removal of IgG fractions from PV serum. The isolation of IgG fractions from PV serum was achieved by standardized technique using staphylococcal protein-A coupled to Sepharose 4B (Pharmacia, Uppsala, Sweden). Protein-A was washed four times in cold PBS and finally incubated overnight in a cold room with PV serum in order to fix the IgG fraction, and the IgG depleted serum was collected. Absence of IgG fractions in the control serum was assessed by indirect immunofluorescence staining on a monkey esophagus epithelium substrate, and confirmed by nephelometry. Bullous Pemphigoid serum (titre 1:640) and normal human serum were also employed as negative controls. PV Serum and control sera were filter-sterilized with millex, pore size 0.22 mm, (Millipore, Bedford, Massachusetts, USA) and stored at -20°e. Pemphigus serum containing specific IgG was employed for both in vitro acantholysis and passive transfer experiments in mice.
Evaluation of acantholysis induced by tannic acid in vitro
In vitro acantholysis was performed by a modification of previously described methods (54) (55) (56) . Briefly, normal human keratinocytes (NHEK) were cultured in conditioned modified media. One x 10 6 NHEK cells were plated and cultured at 37°C for 10 days in 75 em-flasks (Coming Glassworks, Coming, NY, USA) containing MCDB 153 supplemented with C/+ (1 mM) and 10 % FCS. When keratinocytes achieved 70% confluence, cells were washed twice in PBS and then incubated with ditTerent concentrations of TA (0.02, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0 mM) and with diluted PV serum (positive control) not supplemented with FCS. Negative controls were incubated without TA and with I:50 dilution of serum devoid of IgG (1:50 dilution of FCS in MCDB 153), and with I:50 dilution of normal human serum, and 1:50 dilution of BP serum. Acantholysis was detected in a time course study (30 minutes to 12 hours) by a computerized digital image analysis system. Monoclonal anti IL-I a and anti TNF-a antibodies were both used for acantholysis tannin-induced blocking study. Anti ILl-a and anti TNFa antibodies were purchased from Peprotech, Rocky Hill, NJ, USA. The plates were scanned in a Leica Q500MC image processing and analyzed by Quantimed 500 software system (Leica, Cambridge, England). Briefly, the system was calibrated to measure the area free of cells. Measurements were applied in 10 random fields for each flask and an average of measures was calculated in both PV serum incubated cells and controls (57) . Plates were then scanned and analyzed after 30 minutes to 12 hours post-treatment as above described and, at the same time points, cells were mechanically scraped otT and frozen at -80°C until use.
Reverse trascriptase-PCR (RT-PCR).
mRNA extraction
Poly-A mRNA was extracted from keratinocytes (NHEK cells) using a purification system kit (Pharmacia Biotech, Milan, Italy). About 4 x 10 6 NHuK cells were homogenised in a solution containing guanidinium thiocyanate 4M and N-Lauroylsarcosine in order to preserve the RNA. The solution was placed in oligo(dt)cellulose at 25 mg/ml, suspended in a storage butTer containing 0.15% Kathon CG (Pharmacia LKB, Cologno Monzese (MI), Italy). After several washes in salt butTers containing 10 mM Tris-HCI (PH 7.4), I mM EDTA, 0.5 M NaCl or 0.1 M NaCI in the last 2 washes, the oligo(dt)cellulose containing mRNA was placed in filter columns and the mRNA was eluted in warm TRIS-HCI 10 mM and precipitated in chilled 95% ethanol overnight. After centrifugation, the pellet was dissolved in 14fll of DEPCtreated sterile water and quantitated by spectrophotometric analysis.
RT-PCR amplification
An amount of 0.5 flg of mRNA was trascribed in cDNA incubating it with 200 U of superscript reverse transcriptase (GIBCO BRL, Milan, Italy) and 50 ng of random hexamers. cDNA was amplified with 2.5 U Taq polymerase (Perkin Elmer Cetus, Milan, Italy) using 1.5 pM of each primer specific for IL-Ia, TNF-a. cDNA was amplified using specific primers for IL-Ia and TNF-a. Primers were prepared from published sequences (58-59) using a DNA synthetizer (Applied Biosystem, Warrington, Great Britain). The sequences of specific primer pairs used in the PC~were as follows: IL-Ia: 5'-TG GCCAAAGTTCCAGACATG TTTG;3'-GGTTTTCCAGTATCTGAAAGTCAGT; TNF-a: 5'-TGAGCACTGAAAGCATGATCCGG; 3'-GCAATGATCCCAAAGTAGACCTGCCC; C3: 5'-AGAACCCCATGAGGTTCTCGT; 3'-AGTTCCACTCCCACCTTGATG;
uPA: 5'-TTTGCGGCCATCTACAGGAG; 3'-CTACATATTGCTAGGGGTCA; G3PDH: 5'-TGAAG GTCGGAGTCAACGGATTTGGT; 3' -CATGTGGGCC ATGAGGTCCACCAe. RT-PCR run for 25 cycles with the following protocol: I min at 94°C, I min at (58°C for IL-Ia, TNF-a; 60°C for C3 and uPA; 52°C for C3, 62°C for G3PDH), I min at n°e. PCR was performed in a Perkin Elmer programmable heating block. 5 f.ll of amplified products were electtrophoretically separated in 2% agarose gel containing ethidium bromide and finally analyzed for molecular size.
Signals were analyzed by the software Bio-profile (Vilber Lourmat, Nice, France), and normalised to G3PDH for semi-quantitative analysis.
RESULTS
Tannic acid and gallic acid are detectable in suction blister fluid of the population using a diet with tannins
HPLC chromatography registered no evident differences between group B (Mediterranean diet) and 0 (PV patients) in blister fluid obtained by suction: GA was 83.53 ± 2.35 nmol/ml and TA was 195.1 ± 2.5 in group B; while in group 0, GA was 95.8 ± 1.97 and TA was 199.09 ± 4.15. These data show that pemphigus patients have a similar profile of tannin metabolites in their skin to that of a Mediterranean-diet population even if they had undergone a tannin-free diet for one month previously. Group A of a population with a high intake of tannins in food and/or beverages showed a higher level of tannins in the skin (GA: 194.52 ± 2.39 nmol/ml; TA: 348.28 ± 1.4 nmol/ml). Finally, group C, the population with a tannin-free Mediterranean diet showed low levels of TA and GA (GA:15.28 ± 1.63 nmol/ml; TA: 22.81 ± 1.68 nmol/mI). Table I :; 00 Table I and Fig. 1 . Tannic and gallic acids in the skin of 4 groups (10 subjects each) with different diets. Group A: population with a tannin-rich diet with a daily consumption ofat least 500 ml ofred wine; Group B: population with a Mediterranean diet; Group C: population with a tannin-free diet (not drinking red wine and not eating tropical fruits or other tannin rich foods); Group D: 10 pemphigus patients who followed a tannin-free diet for one month. Concentrations are expressed in nmol/ml. A Kruskall-Wallis analysis was employed and standard deviation and p value (p=0.0199 for GA andp=O.OOI for TA respectively) were calculated.
in the skin. Fig. 2 shows an example of the HPLC chromatographic examination of tannic and gallic acid in the four groups. Fig. 3 shows a graphic representation of acantholysis induced by TAat different concentrations (between 0.01 mM to 0.5 mM). Concentration over 1.0 mM were toxic to NHEK cells with apoptotic cells visible after 30 min. Concentration of 0.1 mM was chosen for further experiments. Viability of cells was seen with trypan blue. TA alone was not able to induce complete acantholysis either in a 12 or in 24-48 hour experiment; 72% of acantholytic cells were calculated at 12 hours with a TA 0.1 mM concentration. A 12 hour time course experiment was chosen since complete acantholysis with PV-IgG was obtained within 12 hours. vitro. TA alone was not able to induce substantial acantholysis, but with a combination of PV-IgG, complete in vitro acantholysis was seen within 8-10 hours.
Tannic acid induces in vitro acantholysis in NHEK keratinocyte culture
Tannic acid enhance acantholysis of NHEK coincubated with pemphigus IgG antibodies
IL-Io. and TNF-o. mRNA are overexpressed in tannic acid-induced acantholysis lL-lo. and TNF-o. mRNA are expressed during in vitro acantholysis after 1 hour incubation of NHEK and TA (0.1 mM). A peak level of expression for both cytokines was evident 2 hours after incubation. Fig. 4a shows that 0.1 mM was the concentration best able to induce acantholysis since quite a few cells undergo apoptosis with higher concentration of the product; Fig. 4b shows that expression was maximum after 2 hours incubation with 0.1 nM TA. A blocking study using anti IL-Io. and anti TNF -0. antibodies (Fig. 5) shows that acantholysis is inhibited by both anti-cytokine treatments, suggesting a role of IL-Io. and TNF-o. in biochemical acantholysis.
DISCUSSION
In this paper we demonstrate that biochemical acantholysis is mediated by an immunological local immune response inducing cytokines. Tannic acid induces over-expression of IL-lo. and TNF-0. mRNA, and a blocking study show that these proteins regulate the TA-induced acantholysis. Our data show that both TA and GA could be detected in the population with a Mediterranean-style diet, in pemphigus patient skin and in a population with a diet rich in tannins. The PV patients selected underwent a tannin-free diet for one month before, but we found similar values of tannin metabolites in pemphigus patients in respect to those following a Mediterranean diet. This suggests that TA accumulate in PV patients skin and/or could be a trigger or an accelerating factor in the acantholytic process, as suggested by in vitro experiments. In an in vitro system, acantholysis induced by incubating normal human keratinocytes with TA at the right concentration is about 72% after 12 hours, when the same system incubating with PV-IgG antibodies shows a 100% acantholysis; co-incubation of PV-IgG and TA shows complete acantholysis within 10 hours, suggesting that TA could be an adjuvant factor for acantholysis. The blocking of IL-l 0. and TNF-o. using specific antibodies greatly reduces Pemphigus Vulgaris is one of the best systems to study autoimmunity since specific IgG are developed against well characterized antigens (desmoglein I and 3) of the epidermis. Nevertheless, even though the target is localized on the skin, PV could be considered a systemic disease (60) . The mechanism underlying acantholysis is unknown. Several hypotheses have been made, such as apoptosis (61) (62) , complement activation (4), and a plasminogen! plasmin system (6); a role of the inflammatory infiltrate (8) has also been postulated. All of these systems appear to playa role, even if none of them is essential. Mouse models using knock-out mice for Dsg3 (63) , complement (10), or plasminogen (II) develop a similar disease, suggesting that some triggering factors are able to induce the clinical disease only on predisposed individuals. We have recently demonstrated that cytokines, such as IL-Ia and TNF-a, are able to upregulate C3 and uPA mRNA and are able to mediate the local immune response and acantholysis in an in vitro system (50) (51) . Cytokines are able to mediate autoimmunity (64) and mediate the inflammatory response in other autoimmune bullous disorders (65) . We also demonstrated that phenol drugs and tannins induce ex vivo biochemical acantholysis (38) .
We postulate from our experiments that in genetically predisposed patients with anti-Dsg antibodies, triggering factors such as a diet rich in tannins (eg tea, red wine, cherries, strawberries and tropical fruits) could be important. Tannins could increase overexpression of local immune chemical mediators (IL-Ia and TNF-a) able to amplify the acantholytic system. Pemphigus Vulgaris is a worldwide diffused disease but the Mediterranean population is particularly sensitive to its development, probably due to a genetic predisposition and environmental factors. Furthermore, we can suppose that the reactivation of the disease in patient with circulating antibodies without clinical evidence of the disease could be also triggered by a tannin-rich diet. PV patients living in Amazonian, Mediterranean and Indian areas where the diet is rich in tannins should be informed about tannins as a possible trigger of PV (21, 41) . Further studies are necessary to evaluate the role of diet in triggering or reactivating pemphigus. In the case that these data are confirmed, a diet poor in tannins could be tested for its ability to induce disease expression or progression in such patients.
